High manganese heat resisting steel improved in order to obtain an alloy having excellent high temperature properties,
I.

Introductirm
In order to improve an alloy which is not inferior to E155'alloy ---a typical iron base heat resisting alloy---regarding the high temperature strength, and which contains expensive elements as smali amount as possible, furthermore, 'can be easily forged, we .examined the effects of austenite former such as manganese, nickel and nitrogen and those of ferrite former such as chromium, molybdenum, tungsten, niobium on the high temperature properties of the alloy eliminated cobalt from R-155 alloy.
From these experiments, an alloy which fits the purpose could be improved when 1% manganese and more than '0'6% nitrogen are contained and the proper amounts of various elements are chosen to be gammer single phase in solutiqn treatment, though nickel content is reduced only to 6%. (1) This high manganese, nitrogen heat resisting alloy was named lOB86N alloy (10$&n, 6$&i, 207&r, 2$&o, 2.5$&Y, lab, 0.2@, 1~20.6% 'balance Fe ).
When small amount of boron is added to this alloy, 'its high temperature properties can be more improved. In this report, four items are to be described---first; the reasons why 10~68 alloy can oontain such a large amount of nitrogen as more than 0.6&, second; the effects of nitrogen, niobium and boronon the high temperature properties and structures of 10~6~ alloys,. third; the grain boundary reaction recognized in this type alloys, fourth; the effects of heat treatment on the high temperature properties of 10~86~ type alloys.
II* Why Can a Heat Resisting lOlur6N Allox Contain a Large Amount of Nitrogen?
10~616 alloy is special in containing a large amount of manganese and nitrogen, so, we explaia the reason why this alloy can contain a large amount of nitrogen.
If we keep the melt of,lCM61 type alloy added no nitrogen for 3Omin,, nitrogen content of this alloy increases with the lapse of time, due to absorbing of nitrogen from the atmosphere.
On the other hand, if we keep the melt of 19~6N type alloy added l,O$ nitrogen for X&in., the nitrogen content reduces to nearly 0.6% with the lapse of time. ' Nitrogen content of this type alloys are affected by the oooling velocity, the melting amount etc., is added.
even if the same amount of nitrogen But, it mainly depends on the nitrogen contant of the melt which is in equilibrium in the.melt atmosphere. This is recognized from the facts that the nitrogen content of the ingots ooincides with the one in equilibrium in the melt of 10~6~ alloy which is caloulafed from the activity coefficient, obtained by u&ing the interaction,coefficients of various elements.
(2) The reason why lOM618 alloy can aontain a large amount of nitrogen, is considered to,be due to the facts that the nitrogen solubility of the melt is large because-the alloy oontains a large amount of ohromium and manganese.
next, we are to describe the effects of various elements on the high temperature properties and structures of lOM6R type alloys. r III-1
Effects of nitrogen
The compositions which nitrogen is eliminated from IO&N alloy was selected as the base compositions.
Various amounts ,of nitrogen were added to this composition, using Fe-Cr-N (6,2%N, 43$&r). Nine ingots (N-O-N-~) containing nitrogen in the range of 0.084% melted in air by using high frequency induction e compositions of alloys are shown in Table 1 
III-2 Effects of niobium
The alloy having composition which is eliminated niobium from lOM6N alloy was'melted and the half was cast. Then, l$ niobium was added to the rest of the melt and was cast,
The former was named NbO alloy, the latter Nbl alloy, As shown in Table 1 , S.N. decrease and I.N. increase from the comparison of these two alloys by niobium addition. Namely, from the hardness change of Nbl,. NbO alloys coid rolled to the degree of &I$, when heated in the temperature range of 4OO"cllOO"C, T& ---the temperature at which the average hardness of the maximum one and the minimum one (the hardness at 1100°C where the recrystallization is completed) is shown---was measured* From the fact that T% of NbO alloy is about 850"~ and the one of Nbl alloy is about 875"C, the niobium addition to this type alloy can be concluded to cause, the recrystallization temperature to be higher, n, in order $0 ~x~rn~~e of boron addition to 10&16N alloy, about 2Qkg of 10~6?~ alloy was melted and the.half of the melt was cast and then S,Ol.$ b~~~~ was added to the rest and was cast.
Thus, IIlIN alloy ere obtained.
Prom the comparithe boron addition to lOl!&N alloy is ve in the ~m~rov~rne~t of the high,temperature on adckitioa more than a certain content is to the fo~g~~bi~~ty~ So, in order to ~~~~% of boron to the alloy, in considering of s the f~r~e~b~~~ty~ the oxidation resistance vakmb four kinds of allOys~-~5OA(~~~6N alloy), 50B ~d~%~~~~* ~~~(0~~5~ boron addition), 56~ (0.15% boron addition of boron one after another to the er as the one by which MN and Dw alloys Tne of these alloys are shown in Table 1 ,,,J&,,.>m :3how t h3 effect .sl j,.61 ss and heating time on the amount of :; ? 3 o 2: 5 in the -$eEs% a=onditio load is applied at the same time ~dwm i;hct ~~~~~~e~sat~~~ of the s~eo~en is reached to 75O"C, using of the cxop rupture ~~~~~rn~~~ of B alloy eliminated niobium from 10~6~ alloy. :;; ,b is s~xgnizsd that the amount of G,B,R. increases with increase of f$ j;, '" (5. f$ $j ayad f ther the effect of stress becomes to disappear with the ~,J~<;*ycacJz;; of J&aatip$ ime, gx?LZ t&e same BX ~~irn~~t was tested, using 50s alloy which has aZno 3.3 e s ilar as B alloy and contains niobium.
In this (JCL,&8 p _ the amount of G,B,R, was also recognized to be increased by g$j"ya(zjf~* of S,R, in B alloy and in 50s alloy,'are nearly e L$mz!-0 but out of G,$,R, i less in 50s alloy than in B alloy a% Lha saJm3 % condition, yp also when the contents of S.N. a_".;r3 aaarly equa in 183hN type alloys, niobium is recognized to be ~~~~~%~~~ in the suppression of G,R,R. Phes%;o, 4 (e) shows the microstructure of alloys heated for 20 min. a$; c$"jQ"C * aP$er ~~a~~~nes~ measuri by Vickers Hardness Tester. In this .B,R, is %wand to occw re kably around the trace of when the solution %empe~~%~es become higher from 115O'C to 1200vC,~is considered to be due to the increase of S.N., on %he contrary, the reason why the unt of G,B,R, decrease as the solution temperatures become from 80°C to 125O"C, 1300°C is considered to be due to the enlargement of grain size, because G',B.R. tends to occur easily in the fine alin than in the coarse grain, That is to say, the reason why the amount of G.B.R, show maximum in the above mentioned test condition when the solution temperature is 12OC"C, is considered to be due to the balance of the ppposite factors as the aolutfon temperature becomes .higher, regarding the amount of G, B.R.
'$hus, %he behav%our of G.B.R. found in this type,alloys depend on the stress* forging:' , ratio and solution temperature etc. at the ~~nd~t~o~ of the earns heating time and temperature.
As already described, addition of niobium.and boron to this type alloys suppress the G,B.R, and improve the creep rupture elongation and the creep rupture life,
B. Effects of Heat; Treatment on the High
In this ohap%er, the effects of heat tres%meat on the high %~m~eratu~e properties of this type alloys and the faotors governing the high temperature strength, are to be described. '~OAIIGR~ lOr!&RR alloys were melted by the same manner as that of MR and BF33 alloys, A8 solu%ion treatment, four temperatures---l150°C, 1200*C, 1250~~ and 1308°C~--were selected and the alloys were water quenched after for lhr, a% each temperatures.
-. Rut, though lOM6N type alloy is solution treated at 13009C, its grain size number is in the range of 3-5 in A.S.T,M. No., due to Nb(C,N) of undissolved phase. So it is remarkably smaller than that of the above-mentioned 18Cr-12Ni steel heat treated at the same condition. This is considered to be the reason why the creep rupture lives of lOM6N type alloys are improved with incre$sing of solution temperature in the terhperature range of up to 1300 c.
The creep rupture elongation of 10~6~~ allpy is longer than that of lOM6Nalloy solution treated at the same temperature. This may be thought to be due to that G.B.R. is suppressed by addition of boron.
Then, the minimum creep rate of lOM6NB alloy is more excellent than that of lOM6N alloy when they are only solution treated at same temperature. . ._ This may be due to the strengthening effect obtained by i -'~retxkatiol? of' precii)itati.can process due to addition of boron.
Tile ' ~r~zitsom w;iy the creep ,wpture iife and elongation are both more excellent in lOM6m alloy than in ~OF,I~N alloy, is thought to be,due to the above-mentioned two factors. The ,notch creep rupture test was carried out at the test condition of 700'@, 26kgJm: using the test piece of&=3.7.
These results are shxm in Tab18 4, The xdues in the pare&he&s are the creep rupture life and elongation of the plain specimen. Except lOX6N alloy solution tsaated at 13OO"C, the notched specimens show longer creep rupture life than the plain speekmens. Namely,' in this type alloy, st~~~th~n~~ by notch can be concluded to be obtained when the creep rupture elongation of the plain test piece shows more than 7%. effects of aging on the creep rupture properties heating temperature becomes higher at constant and as the heating time becomes longer at constant heating temperature, as aging process is preceded---the creap rupture life b This is considered to be due to the i~e~atiQ~ of th ngthening owing to the decrease of the amount of ~~b~~ and ~it~~~~~ saluted in the matrix, and also to be due to the ~~~~~~~~~~ of precipitation strengthening owing to rapid growth of the p~~Qip~,~a.~~ This behaviour is also so in 10~6~ alloy. ~~~o~d~~~ly~ ~r~~~~~~ t~eat~e~~t of heating for long time at higher te~~e~at~e than testing teaperature9. is not hopeful. Further, the higher the solution temperature in the range, of up to l.JOO"C, the longer the creep rupture life, in this type alloy. But as solu%ion t~~psrat~~e~ about 1200°C is suitable kn 10~6N alloy in point of view of ep ~~pt~r~~ ductility. hopeful that t,kle But, in lOM6NB alloy, it is rature is as high as possible in the t~~~~~a~ure range of up to lWO"C, because it has excellent creep eruptus aLle-l;ility, vs. Conclusion -The process how the high ~~a~~a~sse heat resisting 10M6N type alloys were ~~~~v~~* was to be described, 
